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Is cohesin required for
spindle-pole-body/centrosome cohesion?
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Centrosomes are microtubule-organizing centers that nucleate spindle microtubules during cell division. In budding
yeast, the centrosome, often referred to as the spindle pole body, shares structural components with the centriole,
the central core of the animal centrosome. The parental centrosome is duplicated when DNA replication takes place.
Like sister chromatids tethered together by cohesin, duplicated centrosomes are linked and then separate to form the
bipolar spindle necessary for chromosome segregation. Recent studies have shown that cohesin is also localized to the
animal centrosome and is perhaps directly involved in engaging paired centrioles. Here we discuss the potential role
of cohesin in mediating spindle-pole-body cohesion in the context of yeast meiosis. We propose that the coordination
of chromosome segregation with centrosome cohesion and duplication is mediated by the antagonistic interaction
between the Aurora kinase and the Polo kinase and that the role of cohesin in centrosome regulation appears to be

indirect in budding yeast.

The microtubule-organizing center in yeast is often referred to
as the spindle pole body (SPB) and shares structural and func-
tional components with the animal centrosome.! We focus here
on the dynamics of the meiotic yeast SPB, which provide an
unparalleled system for the dissection of centrosome structure
and function. Meiosis produces gametes that contain only half of
the parental genome. During meiosis, homologs and sister chro-
matids separate sequentially in two continuous cell divisions after
one round of DNA replication. This unique pattern of chromo-
some segregation depends on the formation of a bipolar spindle
that separates homologs in meiosis I and on the simultaneous for-
mation of two independent spindles that permit sister-chromatid
separation in meiosis II (Fig. 1A). The SPB/centrosome nucleates
spindle microtubules. During DNA replication at interphase I,
the parental centrosome is duplicated to form two sister centro-
somes. Sister centrosomes are duplicated again in the absence of
DNA replication at the end of meiosis I, called interphase II, and
establish two spindles in meiosis II (Fig. 1A).

Cohesin, a multisubunit protein complex, is required for
generating sister-chromatid cohesion after DNA replication.
Originally identified in budding yeast, cohesin is composed of
four subunits called Smcl, Smc3, Mcd1/Sccl/Rad21 and Scc3/
SA/STAG.*? Rec8 largely replaces Mcd1 and is the only meiosis-
specific cohesin subunit in budding yeast. Intriguingly, cohesin
also localizes to the animal centrosome,** and siRNA-mediated
depletion of cohesin subunit Rad21 causes premature separation
of paired centrioles,” the core of the centrosome. Separase, which
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cleaves cohesin, is necessary for centriole disengagement and
licenses centrosome duplication.®” The cohesin protector Sgol
also protects centriole cohesion.!® Because cohesin defects cause
chromosome missegregation, which can lead to abnormal spindle
formation in animal cells," whether cohesin contributes directly
to centrosome duplication and separation is controversial.'*!?
We have recently reported that the Aurora kinase Ipll
in yeast is required for the maintenance of a tight association
between duplicated sister SPBs, which we termed SPB cohesion."
Premature loss of SPB cohesion leads to the formation of super-
numerary SPBs and multipolar spindles during yeast meiosis. In
addition, the Polo-like kinase Cdc5 is antagonistic to Ipll in mei-
otic SPB regulation.' The opposing roles of Ipl1 and Cdc5 at the
meiotic SPB are reminiscent of their roles in regulation of sister-
chromatid cohesion during meiosis I, when Ipll protects cen-

tromeric cohesion,'°

whereas Cdc5 promotes meiotic cohesin
removal from the chromosome to disassociate sister chromatids.!”
To determine whether cohesin function is required for meiotic
SPB regulation, we performed live-cell microscopy to observe the
dynamics of Spc42-marked yeast SPBs in cohesin mutants (Fig.
1B and C). Spc42 is a core component of the yeast SPB."® Both
rec8A and P, -SCC3 (which depletes Scc3 in meiosis) mutant
cells showed the formation of supernumerary Spc42-GFP foci
(Fig. 1B-D), a result reminiscent of that in Ipl1-depleted meiotic
cells.” To determine whether stall of cell progression at prophase
I combined with a defective meiotic recombination, which could

occur in cohesin mutant cells, was responsible for formation of
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Figure 1. For figure legend, see opposite page.
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supernumerary Spc42 foci, we blocked the cells at prophase [ with  observed essentially no formation of extra Spc42 foci in dmclD
unrepaired double-strand breaks by deleting the DMCI gene and  cells (Fig. 1D). In addition, as in Ipll-depleted cells, sister SPBs
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Figure 1 (See opposite page). Requirement for cohesin for SPB cohesion and duplication during yeast meiosis. (A) A schematic diagram showing
spindle pole body (SPB, centrosome) and chromosome segregation during meiosis. Chromosomes are shown as gray and black bars; SPB, green dots;
cohesin, red dots; microtubules, green lines. (B) Live-cell fluorescence microscopy showing SPB dynamics in wild-type (WT) and rec8A cells during
yeast meiosis. SPBs are marked by Spc42-GFP. Projected images from eight z-stacks with 1 um optical sectioning are shown. Exposure time for each
optical section was 100 ms. Time zero is defined as the point of SPB separation in meiosis I. Time lapse was 2 min. Note that SPBs are only loosely con-
nected before separation in rec8A cells. (C) Pole-to-pole distance from WT and rec8A cells as shown in (B). Ml spindle, purple; Mil spindle, other colors.
(D) Live-cell fluorescence microscopy showing SPB and microtubule spindle dynamics during yeast meiosis in a REC8NC (Rec8-noncleavable®) cell.
SPBs are marked by Tub4 (y-tubulin)-GFP, microtubules by Tub1 (a-tubulin)-mApple. Projected images from seven z-stacks with 1-pm optical section-
ing are shown. Exposure time for each optical section was 60 ms. Time zero was defined as in (B). Time-lapse was 3 min. Time in minutes is shown
below each frame. *indicates the time of spindle recovery after breakage. Bars, 2 pm.

in cohesin mutants formed the doublet configuration due to the
loss of SPB cohesion well before their complete separation in MI
(Fig. 1B), revealing that cohesin plays a role in SPB cohesion. In
contrast to those of Ipll-depleted cells, however, the new Spc42
foci formed in the cohesin mutants failed to establish multipolar
spindles, and the number of y-tubulin (called Tub4 in budding
yeast) foci did not exceed four during meiosis in cohesin mutants
as observed by fluorescence microscopy (our unpublished data),
suggesting that only a portion of these Spc42-containing bodies
was capable of maturing into fully functional SPBs during yeast
meiosis. Together, these data imply that cohesin is required for
proper maintenance of SPB cohesion and support the conclusion
that SPB cohesion leads to a restriction of SPB duplication," but
we cannot currently rule out the possibility that the supernumer-
ary Spc42-foci formed in cohesin mutants during meiosis could
represent the “dead poles” due to the overproduction of Spc42 as
previously observed in vegetative yeast cells.'®

Our genetic investigation showed that cohesin is required
for regulating SPB dynamics because it restricts the formation
of extra Spc42-containing bodies, revealing that cohesin plays a
dual role in regulating sister-chromatid cohesion and SPB cohe-
sion in yeast meiosis. Our findings support the conclusion from
recent work with animal cells that cohesin plays an evolution-
arily conserved role in centrosome cohesion and duplication. If
cohesin directly mediates SPB cohesion and thus contributes to
accurate SPB duplication at interphase II in yeast meiosis, we
would expect cohesin to localize to the SPB, but our immuno-
EM analysis of cohesin subunit Rec8 failed to localize cohesin to
the SPB (our unpublished data). More importantly, meiotic SPBs
were separated and formed a bipolar spindle in the presence of

noncleavable cohesin, which served as the only source of cohesin
in these cells during meiosis (Fig. 1E). Our findings are there-
fore in contrast to those in a recent report that noncleavable Sccl
(homolog of Rec8) blocks centriole disengagement in animal
tissue-culture cells.'? Although we cannot currently rule out the
possibility that cohesin localizes only transiently at the SPB to
mediate SPB cohesion, we prefer a model in which cohesin con-
tributes indirectly to SPB cohesion and duplication by ensuring
proper chromosome segregation and spindle microtubule dynam-
ics during yeast meiosis.

Coordination of chromosome segregation with centrosome
dynamics is essential to ensuring genome integrity in all eukary-
otes. In budding yeast, two cell cycle-regulated kinases, the
Aurora kinase Ipll and-the Polo-like kinase Cdc5, play antag-
onistic roles in modulating sister-chromatid cohesion and SPB
cohesion. Cohesin is a substrate of Cdc5 (and probably of Ipll)
and is required for topologically entrapping paired sister chroma-
tids.? The requirement for cohesin in centrosome regulation is an
exciting new development but is-currently controversial. Future
studies will clarify whether cohesin'is directly involved in regula-
tion of centrosome cohesion and duplication and, if so, how.
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